Combinations of fatty acids may affect risk of metabolic syndrome. Puerto Ricans have a disproportionate number of chronic conditions compared with other Hispanic groups. We aimed to characterize fatty acid intake patterns of Puerto Rican adults aged 45-75 y and living in the Greater Boston area (n = 1207) and to examine associations between these patterns and metabolic syndrome. Dietary fatty acids, as a percentage of total fat, were entered into principle components analysis. Spearman correlation coefficients were used to examine associations between fatty acid intake patterns, nutrients, and food groups. Associations with metabolic syndrome were analyzed by using logistic regression and general linear models with quintiles of principal component scores. Four principal components (factors) emerged: factor 1, shortand medium-chain SFA/dairy; factor 2, (n-3) fatty acid/fish; factor 3, very long-chain (VLC) SFA and PUFA/oils; and factor 4, monounsaturated fatty acid/trans fat. The SFA/dairy factor was inversely associated with fasting serum glucose concentrations (P = 0.02) and the VLC SFA/oils factor was negatively related to waist circumference (P = 0.008). However, these associations were no longer significant after additional adjustment for BMI. The (n-3) fatty acid/fish factor was associated with a lower likelihood of metabolic syndrome (Q5 vs. Q1: odds ratio: 0.54, 95% CI: 0.34, 0.86). In summary, principal components analysis of fatty acid intakes revealed 4 dietary fatty acid patterns in this population. Identifying optimal combinations of fatty acids may be beneficial for understanding relationships with health outcomes given their diverse effects on metabolism.
Introduction
The prevalence of metabolic syndrome in the US has been increasing (1) and is particularly high for older adults and certain ethnic groups. Hispanics have the highest reported prevalence of metabolic syndrome (2) and are more likely to be affected by type 2 diabetes than non-Hispanic whites (3) (4) (5) (6) . The term "Hispanic" encompasses several population subgroups that are diverse with respect to sociodemographics, health outcomes, and diet (6, 7) . Most health research on Hispanics has focused on Mexican Americans due to their majority as a Hispanic subgroup. Puerto Ricans, the second largest Hispanic subgroup in the US, are burdened by excess chronic health conditions compared with other Hispanic groups (8) . We previously showed that Puerto Rican elders in Massachusetts were twice as likely to have type 2 diabetes compared with a representative neighborhood-based sample of non-Hispanic whites (4) and that up to 50% had metabolic syndrome (9) .
Metabolic syndrome is characterized by alterations in anthropometrics, blood pressure, and lipoprotein and fasting glucose concentrations (10, 11) . Lifestyle behaviors such as diet play an important role in the development of metabolic syndrome (12) . Recent research on dietary fat has shifted focus to quality of fat and fatty acids in relation to disease risk (13) . Total fat and type of dietary fat consumed have been associated with metabolic syndrome (14) and its components (14, 15) , but results are inconsistent (16) . Subtypes of fatty acids, particularly PUFA, have been shown to be associated with insulin sensitivity (15) , blood lipoproteins (17) , blood pressure (13, 15) , and body composition (18) .
A combination of unsaturated fatty acids along with moderate total fat intake may offer the most benefit for several metabolic-related risk factors (13) . In addition to type of dietary fat, quality can be represented as the composite of the individual fatty acids consumed. Warensjo et al. (19) recently examined the relationship between serum fatty acids and metabolic syndrome in a Swedish population-based cohort of men aged 50 y and older using principal components analysis to generate 3 fatty acid factors. A factor low in linoleic acid was associated with the development of metabolic syndrome in men, whereas an (n-3) PUFA factor was protective.
There is limited information on the dietary habits of Puerto Ricans living on the U.S. mainland (20) (21) (22) . Puerto Ricans in Massachusetts reported diets lower in total and saturated fat and higher in PUFA than non-Hispanic whites (20) . Modifying dietary intake may be most beneficial for reducing diet-related diseases. In this study, we aimed to characterize fatty acid patterns of Puerto Rican adults living in the Greater Boston area and examine associations between fatty acid patterns and metabolic syndrome in this unique population.
Materials and Methods
Study population. The Boston Puerto Rican Health Study is a longitudinal investigation of the relationship among physiological dysregulation, nutrition, and health outcomes in Puerto Rican adults living in the Greater Boston area (23) . Participants between the ages of 45 and 75 y were recruited through door-to-door enumeration using year 2000 Census data to identify locations of high Hispanic density. Census blocks containing at least 10 Hispanic adults within the study age range were randomly selected for enumeration. Households from the blocks were visited up to 6 times at varying times of the day and on different days of the week, including weekend days. Although the primary method of recruitment was through block enumeration (80.1%), participants were also recruited from the community through random approach at local fairs and festivals (9.2%), responses to flyers distributed to the community (4.4%), and referrals from community members (6.3%). One person per household was randomly invited to participate in the study. Individuals were excluded if they were unable to answer questions due to a serious health condition, planned to move from the Boston area within 2 y, or had a Mini Mental State Examination score # 10.
Of 2004 people eligible for the study, 280 individuals declined for various reasons, including not being interested, being too busy, and not wanting to participate in the blood draw. Those who declined had lived on the U.S. mainland longer than those who completed the baseline interview (32.7 vs. 28.7 y; P , 0.001). Of the remaining 1724 participants who agreed to participate, 309 did not complete the baseline interview due to difficulties in scheduling/frequent changes of address and phone numbers or to low Mini-Mental Sate Examination scores. At the time of this study, 1358 of the 1415 participants had complete and cleaned baseline data. Individuals with implausible (,2510 kJ/d or .20,083 kJ/d) or missing dietary data and/or missing metabolic syndrome data were not included in these analyses (n = 151). This cross-sectional analysis, therefore, included 1207 Puerto Rican adults aged 45-75 y with complete dietary and metabolic syndrome data.
Participants completed a home interview in the language of their preference (Spanish or English). The interview consisted of questionnaires to collect information such as socioeconomic status, health history and behaviors, acculturation, and dietary intake. Anthropometric and blood pressure measures were also obtained. During the interview, participants were provided instructions for collecting a 12-h urine sample and for fasting overnight for the following morning's blood draw. Biological samples including saliva, urine, and blood, were collected by the study phlebotomist. Written informed consent was obtained for all participants before enrolling in the study in accordance with the guidelines established by the Institutional Review Board at Tufts Medical Center.
Dietary pattern assessment. Dietary intake was assessed using a semiquantitative FFQ adapted for this population and validated in Hispanic adults aged 60 y and older (24) (25) (26) (27) . Participants were asked to report type, frequency, and portion size of foods consumed over the past 12 mo. Detailed questions on dietary fat intake, such as added spreads/ oils and type of foods consumed (e.g., full fat vs. fat free), were included. The nutrient database in the Nutrition Data System for Research software, version 2007 (Nutrition Coordinating Center, University of Minnesota), was used to calculate nutrient content from reported food intakes. A total of 26 individual fatty acids were calculated as a percentage of total fat consumed and included fatty acids from supplements. We chose to use total fatty acids consumed (including fish oil supplements) rather than from food alone, because supplements comprise a large amount of certain fatty acids such as eicosapentaenoic acid (EPA) 8 and docosahexaenoic acid (DHA). We performed exploratory dietary pattern analysis by entering 26 individual fatty acids into a principle components analysis using PROC FACTOR in SAS (SAS Institute). Resulting principal components were rotated with the Varimax option to maximize explanatory power and to theoretically result in noncorrelated principal components, or factors. Three to 8 principal components were specified; scree plots, Eigenvalues (derived from the correlation matrix) and the components themselves were examined to identify the most meaningful solution (28) . A 4-factor solution was selected. Each participant received a factor score for each factor by summing intakes of fatty acids weighted by the loadings of each fatty acid. We performed principal component analysis separately for men and women; results were similar, and we therefore present the combined sample to maximize statistical power. We also repeated principal component analysis (using the methods described above) for dietary fatty acid intake excluding fatty acid contributions from supplements.
Metabolic syndrome ascertainment. Metabolic syndrome was defined using the 2001 National Cholesterol Education Program Adult Treatment Panel III definition, which was modified to reflect lower glucose concentrations by the American Diabetes Association (12) . This definition requires that 3 of the 5 following criteria be present: 1) waist circumference (WC) $ 102 cm for men, $ 88 cm for women; 2) plasma triglycerides $ 1.7 mmol/L; 3) plasma HDL-cholesterol , 1.04 mmol/L for men, , 1.3 mmol/L for women; 4) blood pressure $ 130/ $85 mm Hg; and 5) fasting serum glucose $ 5.6 mmol/L. The individual components of metabolic syndrome were considered as continuous variables and as categorical variables in secondary analyses.
Anthropometric and blood pressure measures. Weight was measured using a clinical scale (Toledo Weight Plate, Model I5S, Bay State and Systems). WC was obtained at the umbilicus using an anthropometric tape measure and standing height was measured using a standing stadiometer. All anthropometric measures were taken in duplicate to minimize recording and measurement errors. BMI was calculated as weight (kg) divided by height squared (m 2 ). Blood pressure measurements were obtained using an electronic sphygmomanometer (Dinamap Model 8260, Critikon) at 3 time points during the interview; the mean of the second and 3rd readings were used for systolic and diastolic blood pressure.
Sociodemographic and covariate assessment. Participants reported age, sex, education level attained, and household income. Poverty was calculated for each participant from annual household income and poverty guidelines by the Department of Health and Human Services while accounting for the year of the interview and the subject's family size. Acculturation was determined by reported preference of language used in various everyday activities to calculate an overall acculturation score. A modified Paffenbarger questionnaire of the Harvard Alumni Activity Survey (29, 30) was used to create a score calculated by summing the amount of time spent in each activity multiplied by weighting factors that correspond with oxygen consumption by physical activity intensity for that activity. Physical activity scores were classified as sedentary (score , 30), light (score $ 30 to , 40), moderate (score $ 40 to , 50) 8 Abbreviations used: DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; MUFA, monounsaturated fatty acid; OR, odds ratio; VLC, very long-chain; WC, waist circumference.
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Biological samples. Fasting blood samples were drawn in the home by a certified phlebotomist on the morning following the interview or as soon as possible thereafter and brought to the Human Nutrition Research Center on Aging for analysis at the Nutrition Evaluation Laboratory. Blood samples were kept cooled at 48C. Plasma was separated within 4 h and used for analysis of plasma lipid concentrations. Isolated serum was frozen (2808C) for further analysis, which included serum glucose determinations. Serum glucose was measured by using an enzymatic kinetic reaction on the Olympus AU400 (Olympus America) with Olympus Glucose Reagents (OSCR6131). Analyses of plasma HDL cholesterol and triglyceride concentrations were completed using EDTA with enzymatic endpoint reaction on the Olympus AU400 and with Olympus HDL Reagents (OSR6195) and Olympus Triglyceride Reagents (OSR6033).
Statistical analyses. All statistical analyses were performed using SAS (version 9.2, SAS Institute). Hypothesis testing was 2-sided with a significance level of P , 0.05. All variables were assessed for normality. Plasma triglyceride and serum glucose concentrations were logtransformed to improve normality before inclusion in linear analyses. Age-and sex-adjusted means 6 SE and frequencies were examined comparing the highest quintile (Q5) to the lowest quintile (Q1) of each component using ANCOVA. Partial Spearman correlation coefficients adjusted for age, sex, and total energy were calculated between each component and intakes of selected nutrients and food sources contributing to percent of total fat.
Two multivariable logistic regression models were used to test associations between factor scores and prevalence of metabolic syndrome and to estimate odds ratios (OR) and 95% CI. Model 1 adjusted for age, sex, education, smoking and alcohol use, acculturation, total energy, fish oil supplement use (yes/no), total fat and dietary fiber intake, and medication use. Model 2 included additional adjustment for BMI, which was included as a covariate to further isolate the independent effects of central adiposity, as measured by WC. Linear trend tests were performed using the median factor score for each component or median fat intake for each quintile as a continuous variable in the model. We evaluated significant differences between continuous metabolic syndrome components and factor quintiles using general linear models; a test for trend using the median score value was performed. Adjusted means (95% CI) were presented. All models were tested for interactions between sex and each of the factors and also for acculturation and each of the factors. There was a significant interaction between component 2 and acculturation for triglycerides (P , 0.005); however, when we stratified by acculturation, there were no significant associations with triglycerides, indicating that the interaction may have occurred by chance.
In secondary analysis, multivariable logistic regression was used to examine associations between fat subtypes (quintiles of intake as a percentage of total energy) and metabolic syndrome using the same models as described above. Analyses were performed comparing each quintile to the lowest quintile (reference) and OR and 95% CI were presented. Linear trend tests were performed using median fat intake for each quintile as a continuous variable in the model. Also, we assessed the relationships between factor scores and metabolic syndrome components treated as categorical outcomes by using multivariable logistic regression. We also examined factors derived using fatty acid intake without contributions from supplements included.
Results
Principal components analysis revealed 4 fatty acid patterns that were named based on the fatty acids that loaded more heavily on each of the factors; the individual fatty acids and factor loadings for each of the patterns are presented in Table 1 . Factor 1, the SFA/dairy pattern, loaded heavily on capric, mystiric, lauric, and caproic acids. This component also loaded strongly on palmitic acid (long-chain SFA) and stearic acid and moderately on trans fats. An (n-3) fatty acid/fish factor (factor 2) was characterized primarily by DHA, docosapentaenoic acid (DPA), and EPA, but also by euric and gadoleic acid [monounsaturated fatty acids (MUFA)] and arachidonic acid [(n-6) PUFA]. Factor 3, very long-chain (VLC) SFA and PUFA/oils pattern, was defined by long-chain SFA (arachidic acid and behenic acid) and linolenic acid and moderately by MUFA (erucic, gadoleic, and oleic acids). A MUFA/trans factor (factor 4) was characterized by oleic and myristoleic acid (MUFA), trans fat, and long-chain SFA (stearic and margaric acids). The percentages of variation explained were 7.4 for factor 1, 4.1 for factor 2, 2.9 for factor 3, and 2.5 for factor 4. Participants
) (score of 28 vs. 23%) compared with the lowest quintile, respectively ( Table 2) . Participants in the highest quintile of the (n-3) fatty acid/fish pattern were more likely to be older (59 vs. 56 y) and female (78 vs. 75%) compared with those in the lowest quintile. WC was lower for those in the highest quintile of the VLC SFA and PUFA/oils pattern compared with the lowest quintile (99.8 vs. 103.1), although there was no difference in BMI (30.6 vs. 31.5). The opposite was seen for the (n-3) fatty acid/fish pattern, where BMI was higher in Q5 (32) than Q1 (30), but WC did not differ (102.3 vs. 101.7). Participants in Q5 vs. Q1 of the MUFA/trans pattern (factor 4) were more likely to be men, more educated, a current smoker, and a consumer of alcohol. Not surprisingly, more participants in the highest quintile of factor 2 [(n-3) fatty acid/fish] reported taking fish oil supplements (15%) than those in the lowest quintile.
The SFA/dairy pattern was positively correlated with dairy foods, dairy desserts, and breakfast cereal and negatively correlated with oils, poultry, and meat ( Table 3 ). The (n-3) fatty acid/fish pattern was correlated positively with fish, moderately with poultry and fruit, and negatively with French fries. The VLC SFA/PUFA oils pattern was moderately correlated with nuts, seeds, beans, and legumes and negatively correlated with processed meats and meat. This factor was also positively associated with canola oil (r =
meat, baked goods, and meat and negatively with beans and legumes, oils, and poultry.
The (n-3) fatty acid/fish pattern was negatively correlated whereas the MUFA/trans pattern was positively correlated with total energy intake adjusted for age and sex ( Table 4) . The (n-3) fatty acid/fish pattern was positively associated with protein intake; the VLC SFA/PUFA/oils pattern with carbohydrate and dietary fiber; and the SFA/dairy pattern with total sugar intake. The SFA/dairy, (n-3) fatty acid/fish, and VLC SFA/PUFA/oils patterns were each inversely associated with percent of energy from fat, whereas the MUFA/trans pattern was positively correlated with percent of energy from fat. The MUFA/trans pattern was also positively associated with percent of energy from monounsaturated and saturated fat intake.
In multivariable analyses, the (n-3) fatty acid/fish pattern was associated with lower likelihood of metabolic syndrome after adjustment for all covariates (OR: 0.54, 95% CI: 0.34, 0.86) ( Table 5 ). There were no associations between dietary fat subtypes and metabolic syndrome for the highest compared with the lowest quintile of intakes (P . 0.39) (data not shown); however, there was a trend for increasing (n-3) fatty acid intake across quintiles after adjusting for covariates (P-trend = 0.04, for model 2) (Supplemental Table 1 ). 1 Values are means 6 SE or percentage. Asterisks indicate different from Q1: *P , 0.05, **P , 0.01, and ***P , 0.001. 2 Due to missing data for some covariates, sample sizes for each analysis vary around the reported sample size (n). 3 Models were adjusted for age and sex. 4 Q1 and Q5 were compared using ANCOVA. 5 Q1 and Q5 were compared using chi-square tests.
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After adjustment for potential confounding variables, the SFA/dairy pattern was inversely associated with fasting serum glucose concentration (P = 0.02) ( Table 6 ). The VLC SFA/PUFA/ oils pattern was inversely associated with WC after adjustment for covariates (P = 0.008). These associations were attenuated after further adjustment for BMI. The (n-3) fatty acid/fish pattern tended to be associated with larger WC (Q5: 101.4 cm vs. Q1: 98.7 cm; P = 0.06). The MUFA/trans pattern was not significantly associated with any of the metabolic syndrome risk factors.
We investigated the relationship between the factors and metabolic syndrome measures as individual dichotomous outcomes. Results were similar to those observed for continuous metabolic syndrome measures as described above (data not shown). The SFA/dairy pattern was associated with higher likelihood of elevated serum glucose concentration after adjustment for covariates (OR: 0.86, 95% CI: 0.75, 0.99) and in this model, the association remained significant after additional adjustment for BMI (OR: 0.85, 95% CI: 0.74, 0.97). There tended to be an inverse association between the (n-3) fatty acid/ fish pattern and elevated blood pressure after adjustment for covariates and BMI (OR: 0.88, 95% CI: 0.77, 1.005). The VLC SFA/PUFA/oils pattern was, again, associated with WC after covariate adjustment (OR: 0.83, 95% CI: 0.71, 0.96) but was no longer significant after additional adjustment for BMI (P = 0.54.)
In additional analyses, we examined dietary fatty acid factors excluding fish oil supplement use in the derivation of the principal components. The fatty acid factors looked similar to those that emerged when fatty acids from fish oil supplements were included and associations between the principal components and metabolic syndrome measures were similar to results using the principal components including fish oil supplements (data not shown). After adjusting for potential confounders, the SFA/dairy pattern was inversely associated with fasting serum glucose (P = 0.01), although this association was no longer significant after additional adjustment for BMI (P = 0.09). However, the VLC SFA/PUFA/oils pattern remained significantly associated with WC after adjustment (P = 0.009).
Discussion
Quality of dietary fat is often described based on saturation (e.g., saturated fat). However, individual fatty acids can have differential effects on metabolism, such as influencing insulin action and insulin sensitivity (31) . In this study, we used principal components analysis to derive fatty acid patterns and examined the major food sources contributing to these patterns and associations with metabolic syndrome and its components in a sample of Puerto Ricans living in the Greater Boston area. Although 1 study (19) used factor analysis to examine patterns of serum fatty acids in relation to metabolic syndrome, no studies to our knowledge have used this method to study the relationship between dietary fatty acids and metabolic syndrome.
In general, the food sources from the patterns we observed were similar to those reported by other studies of Caribbean Latinos, with major dietary fat sources coming from oils, particularly corn oil, chicken, meat and processed meat, cheese, and milk (32) . The SFA/dairy pattern was inversely associated with fasting serum glucose concentrations after adjustment, although this was no longer significant after further adjustment for BMI. A few studies have reported associations between SFA intake and impaired insulin sensitivity and fasting glucose concentrations (15, 33) . Medium-chain fatty acids may improve insulin sensitivity and glucose concentrations through their direct transport to the liver without requiring fatty acid-binding proteins and their preferential use for b-oxidation (34, 35) . However, a recent study of Japanese patients with type 2 diabetes examined serum concentrations of fatty acids and found that some short-and medium-chain fatty acids were positively correlated with the homeostasis model insulin resistance index (36) . Dairy products, which contain oleic acid and short-and medium-chain fatty acids (34, 35) , were among the top major food sources contributing to this pattern. Epidemiological studies have demonstrated protective effects of dairy products for cardiovascular disease risk factors such as WC, hyperinsulinemia, dyslipidemia, and blood pressure (37-39) and for metabolic syndrome (38, 40) . In the current study, the SFA/ dairy pattern was associated with only serum glucose, which may be due to the influence of other fatty acids that loaded on this factor (stearic and trans fats) or other nutrients that were correlated with this factor. For example, higher consumption of saturated and trans fats can negatively influence blood lipoprotein concentrations (41) and blood pressure (42) .
The (n-3) fatty acid/fish pattern was associated with lower odds of metabolic syndrome, which is similar to findings from a 4 Due to missing data for some covariates, sample sizes for each analysis vary around the reported sample size (n).
Fatty acid intake patterns and metabolic syndrome 1851
population-based cohort study of men aged 50 y and older that generated fatty acid factors from serum fatty acids (19) . In that study, an (n-3) PUFA factor was associated with lower odds of metabolic syndrome at age 50 y (unadjusted OR: 0.56, 95% CI: 0.48, 0.64) and inversely associated with the development of metabolic syndrome over 20 y, after adjusting for confounding (OR: 0.74, 95% CI: 0.62, 0.89). Both the (n-3) fatty acid/fish pattern and (n-3) fatty acid intake alone were associated with lower odds of metabolic syndrome for the highest compared with the lowest quintile. However, the (n-3) fatty acid/fish pattern resulted in a lower OR of 0.54 [compared with 0.80 for (n-3) fatty acid intake alone] and was significant (95% CI: 0.34, 0.86). There was also a significant trend with increasing quintiles of (n-3) fatty acid intakes. These findings suggest that considering combinations of fatty acids may provide additional information on fat quality relative to actual exposure than traditional fat subtypes alone. Dietary (n-3) fatty acids have been reported to improve several metabolic syndrome components, as reviewed by Carpentier et al. (43) . In a study of Inupiat Eskimos, protective associations between (n-3) fatty acid intakes and blood pressure, serum triglycerides, 2-h glucose, HDL-cholesterol (DHA only), fasting insulin, and homeostasis model assessment were observed (42) . The population-based INTERMAP study reported inverse associations between dietary sources of (n-3) fatty acids [total (n-3) PUFA and linolenic acid] and blood pressure (44) . Additionally, higher MUFA intake and/or replacing SFA with MUFA have been associated with improvements in blood pressure (45) . In our study, the (n-3) fatty acid/fish pattern was not associated with lower blood pressure, which may be due to the fact that consumption of marine sources of (n-3) fatty acids may not have been high enough to detect associations with blood pressure. In this population, fish oil supplements contributed greatly to intakes of EPA and DHA. However, only 15% of participants in the highest quintile of this factor reported consuming a fish oil supplement (n = 32). In our study, median intakes of EPA, DPA, and DHA combined were 0.20 g/d for men and 0.15 g/d for women, which is slightly higher than national estimates based on NHANES data for U.S. adults aged 20-59 y (0.17 and 0.11 g/d for men and women, respectively) (46) .
The VLC SFA/PUFA/oils pattern was related to smaller WC. This relationship was attenuated after adjustment for BMI, suggesting that the association with central adiposity was partially explained by total body fat. We examined associations with and without adjustment for BMI as a way to account for overall adiposity and to isolate the effects of central adiposity, one of the components of metabolic syndrome. Results from metabolic studies suggest that medium-chain fatty acids may lead to a decrease in body weight through increased energy expenditure, increased rate of oxidation, and increased thermogenesis (18) . An inverse relationship between central adiposity and fish intake (47) and between BMI and a Mediterranean diet have been reported (48, 49) . The relationship between individual fatty acids and body weight is complex and inconsistent, according to a recent review (18) , and more research is needed.
Overall adiposity, as measured by BMI, is correlated with WC and is also an independent risk factor for metabolic syndrome (50) . We adjusted our models for BMI to isolate the effect of our patterns on metabolic syndrome independent of total adiposity. Although adjustment for BMI attenuated associations between most of the fatty acid patterns and metabolic syndrome components, associations observed for the (n-3) fatty acid/fish pattern become stronger. In another study of dietary patterns and metabolic syndrome, Esmaillzadeh et al. (51) also adjusted their models for BMI and found that the inverse associations between a healthy dietary pattern and metabolic syndrome and the positive association with a Western pattern remained significant after additional adjustment for BMI. This suggests that abdominal adiposity rather than overall obesity may be responsible for some associations between diet and metabolic syndrome. Another study also found that the addition of WC explained a higher proportion of the variance of several metabolic syndrome risk factors compared with models including just percent total body fat (52) .
Our study has several limitations. This study was crosssectional and therefore the results cannot be used to make statements about causation. Principle components analysis involves making several subjective decisions such as how to treat the dietary variables. We chose to use individual fatty acids as percent of total fat intake to represent the combination of fatty acids adjusted for total energy intake in all models. We performed a number of statistical tests between the factors and metabolic syndrome components, which could lead to significant findings due to chance alone. However, all tests were specified a priori and were adjusted for potential confounding. Finally, our sample included Puerto Ricans living in an urban area and may not be representative of all Puerto Ricans living in the US. However, results from this study are likely to represent the majority of Puerto Ricans living in low-income urban communities in the US and we do not expect that biological associations between fatty acids and metabolic syndrome would be substantially different in other populations, although intakes may differ.
In conclusion, there is limited information on fatty acid patterns consumed by Puerto Ricans living in the US and whether these patterns are associated with metabolic syndrome. Only the (n-3) fatty acid/fish pattern showed significant inverse associations with metabolic syndrome. Our results are consistent with other studies of fatty acids and metabolic risk factors, but our study is unique in its use of factor analysis to derive fat patterns using individual fatty acid intakes rather than foods or nutrients. Our findings suggest that a combination of the fatty acids in several of the patterns may be most advantageous for metabolic risk and may be a useful complementary method to understanding diet-disease associations in addition to the focus on traditional fat subtypes. More research is needed to identify the optimal combination of fatty acids from saturated, polyunsaturated, and monounsaturated fat on health outcomes in light of their diverse effects on metabolism and disease risk factors.
